Purpose: This paper seeks to document the progression of disability in a developing country and to examine gender differences in this process. Methods: The data come from the Mexican Health and Aging Study (MHAS), a nationally representative sample of older adults. An ordinal logistic regression (n ¼ 3283) is used to measure the progression of disability that considers: (1) no disability, (2) mobility problems, (3) mobility problems with IADLs limitations, (4) mobility problems with ADLs limitations, (5) combinations of the latter three and (6) death.
Introduction
Population aging has accelerated in the globe as a result of the fast pace of fertility and mortality declines that were experienced in the last part of the 20th century among the majority of developing countries. Latin America and the Caribbean, and Mexico in particular, are no exception to this aging pattern. Three features have combined to make aging in Mexico of special scientific interest. [1] First, rapid aging is occurring compared to the pace at which developed countries underwent the aging of their populations. Second, aging is occurring when countries are still at low levels of economic development, with large shares of people lacking access to health care and other social services and consequently with low quality of life. Third, older adults in developing countries are survivors of infectious and parasitic diseases during childhood and face the burden of non-communicable chronic conditions as they reach adult and old age and especially in rural areas. [2] We know little about how individuals will age in these socioeconomic conditions, since most of our accumulated evidence on the process of aging comes from empirical data from developed countries that have aged before. [3] [4] [5] [6] One of the research questions that deserve attention is the progression of disability among older adults, reflecting a main pathway from disease or injury to impairments of body systems followed by functional limitations and eventually disability. More specifically, the patterns of onset and progression of physical limitations during old age are highly unknown. Based on what we know about previous research, several questions emerge for a country like Mexico: compared to other societies that have aged before, are the differences in life cycle exposures such that adults reach old age stronger, more able to endure noncommunicable diseases, and with fewer physical limitations? Or does the life cycle of relative deprivation imply that adults arrive weaker to old age and the burden of disability? Alternatively, does the process of mortality selection operate in such way that the survivors to old age are stronger and less frail and disabled in old age? [7] Each nation, regardless of its level of development, has cultural differences that influence behaviours, attitudes, and social roles for men and women. [8] These differences affect the way men and women complete daily activities, fill roles within the household, and how each reacts or adapts to a potentially different progression of disability. [9] McDonough and Walters [10] present two different theories on the relationship between health and gender: (a) differential exposure to a variety of social factors during life leads to alternate health outcomes for men and women and (b) differential vulnerability to exposures results in varying health outcomes for men and women.
Information on developing countries is limited but it is clear that the prevalence of disability and the speed of disability progression vary considerably across societies; the national estimates are not quite comparable to estimates from developed countries. [11] Mexico has faced an aging population and increasing social inequalities almost simultaneously with instability in the social security system and the modification of the pensions and retirement programmes. [12] With scarce economic resources and limited access to reliable health services, Mexicans have to depend on familial support. Older adults face social exclusion as families turn to younger generations for economic support and sometimes are forced to continue in the labour market because pensions are significantly low and not enough to provide a good quality of life. [13] Previous research has shown that the speed of aging in Latin America is twice as high as it was in the U.S. and Western Europe. [14] Further, levels of disability, expressed in terms of number of limitations in activities of daily living appear to be lower in Mexico than in the U.S. [15] Current older adults are survivors of vastly different life courses due to the fact that both countries are at different stages of their epidemiologic and demographic transitions. [16] However, we still have no knowledge of the progression of disability.
As reliable, longitudinal survey data on aging from developing countries has become increasingly available in recent years, it is now possible to start answering these questions. One topic that can be addressed now is the disablement process among older adults in the context of a developing country such as Mexico. The significance of this research hinges in the rapid pace of aging under similar low-economic development conditions that many countries will endure in the near and medium-term.
Thus, our overarching hypothesis is that because of the socioeconomic and health care conditions that older adults in Mexico experienced over the life course, the disablement process will differ from the one found for developed countries such as the U.S., but the specific direction of the difference is difficult to predict a priori. Because of this expectation, we examine the progression of IADL and ADL disability separately, which differs from what has been the convention for developed countries. We can properly identify a progression of disability for Mexico. Because of the vast difference in the life course trajectories of men and women in Mexico, and based on generalised findings from the literature, we estimate the disablement model stratified by gender. This model will inform the way health care providers establish treatment programmes for patients and the way policy-makers allocate health care services and resources.
The objective of this paper is to focus on determining a progression of disability that fits a developing country like Mexico as persons are not only acquiring physical impairments but are also living longer lives with these impairments. [17] The paper has two goals: (1) to ascertain if the progression of disability in Mexico aligns with a progression of physical disablement that has been previously estimated in developed countries but not in developing countries and (2) to examine gender differences in the stages of this process. We achieve these goals by using data from Mexico that includes two waves of longitudinal information from a large national sample of older adults.
The disablement process
Previous research has found that the development of physical disability seems to follow a progression. The disablement process frequently begins with disabilities arising from functions requiring trunk and lower extremity performance (such as mobility). It evolves to include upper extremity performance (such as IADLs), and progresses to include the basic activities of daily living (ADLs). See, for example, Harris and colleagues, [18] and Jette and Branch. [19] These transitions from healthy aging to illness and disability are conceptualised and described as the disablement process. [5, [20] [21] [22] Conceptually, the disablement process model is viewed as a mix of pathologic conditions and impairments which lead to functional limitations in physical and mental actions. In the disablement model, disability is defined as a reduction or loss of function that leads to an individual's difficulty performing tasks that are routine and meaningful. Typically these routines include basic and more complex activities of daily living (ADLs and IADLs). Mobility, which requires primarily lower body ability, is a key component of most ADL and IADL tasks. [23] Typically, individuals are with disabilities if they are limited or require assistance with any routine ADL, IADL, or mobility tasks. [24, 25] Health service researchers have studied the progression from health to disability as well as factors associated with transitions in the disablement process model. In a study of older community-dweller French adults, Barberger-Gateau and colleagues [21] identified a hierarchical structure within the disablement process model. Their findings indicated a consistent hierarchical transition for mobility, IADL, and ADL. The first level of disability includes persons with mobility impairments only. Level II in the progression includes those with impairments in mobility plus a limitation in an IADL. Finally, level III includes those with mobility, IADL and basic ADL difficulties.
Other researchers studying disability trajectories have identified numerous factors and variables which influence disability. [3, 5, 21, 22, 26, 27] Barberger-Gateau and colleagues [21] found that, in France, disablement varied by age with older persons having more severe disability. Variation also exists across gender. Both males and females showed similar trajectories from no disability through the three levels; however, women were more likely to have increased levels of disability over time compared to men.
Researchers have shown that cognitive as well as upper and lower body impairments are associated with disability. [24] In that same study, Fauth and colleagues found that higher cognitive function was associated with remaining non-disabled over time, conversely lower Minimental State Examination (MMSE) and recall scores were associated with advancement in the disablement process. Likewise, in a longitudinal study of disability trajectories in the United States, researchers found that lower body impairments were independently associated with IADL and ADL disability. Fauth et al. [22] found that physical function accounted for the majority of the effect between impairments and disability. They also found that cognition and depressive symptoms mediated the relationship between impairments and disabilities and the authors were able to identify demographic variables and health status as key factors in the disablement process. In a French study, Pérès et al. [5] found that gender (female), older ages, severe impairments, comorbid conditions, lack of social support, living in rural areas, and increased hospital and medication use were linked to lower likelihoods of recovery within the disablement process.
Conversely, factors associated with recovery from disability or with protection against transitions to disability have also been found. For example, researchers have identified that an individual's social support system and their sense of mastery over their environment are important while recovering from a disability. [22] In longitudinal studies of older Mexican-Americans, Peek and colleagues [27] found that an individual's perception of positive health is protective against having disabilities. These protective factors suggest that the process of disablement is preventable, modifiable, and potentially reversible and that disability differs across individuals and across communities. Finally, in a systematic review of disability trends in the U.S., Freedman and colleagues [28] present a compelling evidence for disability reduction in time. The majority of these trends are associated with lowering prevalence of IADL disability over time. [29] [30] [31] Based on the existing literature, we postulate our model for disablement as a progression going from zero disabilities, to one (mobility only), to two (mobility + IADL and mobility + ADL), to three (all), to death. The goal is to establish the order in which the combinations of disabilities will appear in our model. To accomplish that, we propose a model that estimates a progression of disability at follow-up controlling for different covariates at baseline. We include factors that have been found as covariates of changes in disability like education, socioeconomic status, and morbidity, [32] as well as health and function variables such as cognition, [33] self-rated health, [34] and also factors like social support through social networks. [35] All of these variables have been identified as important predictors of disability and in addition to variables like insurance coverage, depressive symptoms, and location size will provide information on transitions of disability over multiple time intervals. [37] Information from a knowledgeable proxy was obtained for individuals who were unable to complete the interview themselves because of infirmity or cognitive incapacity. The MHAS includes detailed information on IADLs, ADLs, cognition, depression, mobility, as well as a myriad of socioeconomic indicators. [38] Our analysis begins with a sample of 6373 respondents aged 65 or older. We exclude 2368 respondents who had missing information in at least one of the five ADL components, the four IADL components, and the three mobility components that we used to generate our dependent variable as it would be extremely difficult to obtain or assume a logical progression of disability when one of the key components is missing. Respondents who were deceased at the 2003 follow-up were included in the analysis if they had disability information at baseline. The sample for our descriptive analysis included 4005 respondents, representing 63% of the eligible respondents. The included respondents were 1 year older on average (74 vs. 73 years) and had slightly lower percent of insurance coverage (49% vs. 51%) than the respondents with missing information on disability, thus the results would not vary significantly from our current model.
Data and methods

Sample
In constructing the regression model we further excluded 44 subjects who fell in the 'other' category of disability (disability in ADL only, disability in IADL only or disability in ADL and IADL), 171 respondents who were lost to follow-up in 2003, and 507 respondents with missing information in multiple covariates so Stata 13.1 (StataCorp. Stata statistical software: release 13. College Station, TX: StataCorp LP; 2013) could not include them in the regression. The sample for the regression analysis included 3283 respondents.
Measures
Dependent variable
Our main variable measuring disability in 2003 includes five categories based on the following groups: Respondents with no disability in ADL, IADL, or mobility (¼0); respondents with a disability only in mobility (¼1); respondents with a disability in mobility and IADL but no ADL (¼2); respondents with a disability in mobility and ADL but no IADL (¼3); respondents with a disability in mobility, ADL, and IADL (¼4). All other possible combinations (which include a disability only in ADL, a disability only in IADL, and a disability in both IADL and ADL) are combined as 'other' (¼5) due to the small number of respondents in these categories.
Most prior models for developed countries measuring the progression of disability, include only ADLs, only IADLs, or a combination of both.[e.g. 39, 40] IADLs focus on community-related activities [41] while ADLs focus on personal care. [42] Decline in IADL might be the precursor of a more severe cognitive or physical limitation [43] thus we model progression in IADLs and ADLs limitations separately. From the 4005 respondents that had full functional assessments without any missing data for all three ADL, IADL and mobility scales, 5.4% reported limitations in mobility and IADL and 6.7% reported limitations in mobility and ADL. Additionally, to avoid selection bias due to mortality (302 cases) or sample attrition (171 cases who were lost to follow-up), these cases are included in our analysis with an outcome in the progression of disability (dead ¼ 6 and lost to followup ¼ 7).
Three measures of health and function were used to construct the dependent variable. First, we include a modified version of the Katz Index of Activities of Daily Living (ADLs), an index that ranges from 0 to 5 and indicates if the respondent needed help to perform any of the following five functions: bathing, dressing, eating, toileting and transferring in and out of bed. [42] Second, a similar index variable ranging from 0 to 4 was created to indicate if the respondent needed help to perform any of the following Instrumental Activities of Daily Living (IADLs): preparing meals, taking medications, shopping for groceries or clothes, and managing money and third, the Rosow-Breslau Functional Health Scale was also included as a mobility index ranging from 0 to 3 and indicates if the respondent needed help to perform any of the following activities: climb a flight of stairs, walk one-half mile or lift heavy objects. [44] Each activity variable was dichotomised and the respondent was assigned a value of 0 if help was not required. If the respondent received any help to perform these activities a value of 1 was assigned. Additionally, we faced the challenge of coding respondents who answered that they 'cannot do' or 'does not do' the activity. For ADLs and mobility tasks, respondents who fell in these categories were recoded as 1 if they could not or did not perform these activities and received help from their spouse or someone else to perform these activities, and 0 otherwise. For IADLs, respondents who answered 'cannot do' or 'does not do' were recoded as 1(disabled) if they could not or did not perform these activities because of a health related problem regardless of their marital status or living arrangements. In contrast, those respondents who answered 'cannot do' or 'does not do' but it was not due to a health problem were recoded as 0 (not disabled) because they chose not to perform the activity.
After recoding these three measures of health and function, we created the dependent variable measuring type of disability. If respondents received a value of 1 in any of the ADLs, IADLs or mobility variables, then they were identified as having a disability.
Socioeconomic and health covariates
In order to estimate the disablement progression, our main interest is on the state of disability at baseline. This variable is included as a five dichotomous variables measuring: (a) no disability (reference category), (b) disability in mobility only, (c) disability in mobility and IADL, (d) disability in mobility and ADL, and (e) disability in mobility, ADL and IADL.
Other covariates were also included in the regression models.
Age: dichotomous variables measuring respondents aged 65-69 (reference category), respondents aged 70-74, and respondents aged 75 or older. Education: dichotomous variables measuring no education at all (reference category), 1-5 years of schooling, 6 years of schooling, and more than 6 years of schooling. Gender: dichotomous variable (women ¼ 1). Location size: dichotomous variables measuring residence in communities under 2500 inhabitants (reference category), between 2500 and 14 999 inhabitants, communities between 15 000 and 99 999 inhabitants, and communities of 100 000 inhabitants or more. Social support: coded as 1 if the respondents answered 'yes' in either one of the questions 'do you have neighbours or friends you can count on for daily activities, such as bringing you food if you are sick, or bringing you something from the store?' and 'in the last two years, have your (and your spouse's) children/their spouses/grandchildren spent at least one hour a week helping you with household chores, errands, transportation, etc.?', 0 otherwise. These questions were combined to consider the respondent's marital status. A non-married person living alone will only have neighbours to rely on and similarly, a respondent who had no children will rely on his/her spouse and neighbours. Monthly Income: dichotomous variables for respondents who were indebted or had no income (reference category), that earned less than 5000 Mexican Pesos (less than $380 at current exchange rates), that earned between 5000 and 9999 Mexican Pesos (approx. between $380 and $760 at current exchange rates), and that earned 10 000 Mexican Pesos or more (over $760 at current exchange rates). MHAS imputed values [45] were used to avoid missing income values. Insurance: dichotomous variable measuring whether the respondents have insurance from any of the public health institutions in Mexico and/or from a private company or not. The cost of health insurance for a person with disabilities varies dramatically depending on the type of disability and it can impact the economy of the respondent's household by incurring in more outof-pocket expenditures. [46] Health and function variables include: Centre for Epidemiologic Studies of Depression (CES-D) score: respondents answered an abbreviated version of the original scale [47] with nine symptoms that include feeling depressed, feeling that everything was an effort, restless sleep, feeling happy (reversed coded), feeling lonely, feeling that life was enjoyable (reverse coded), feeling sad, feeling tired and feeling energetic (reverse coded). Each of the nine symptoms was dichotomised and then added to generate a score (0-9). Self-rated health: measured as poor versus all other values (excellent, very good, good, or fair). Cognition: Respondents were asked to repeat all the words they could remember from a list of eight possible words. This exercise was performed three times and we calculated the average score of these tests (immediate verbal recall). Further, later during the interview, the respondent had to repeat these words and a score was obtained (delayed verbal recall). In our analysis, we included an average of the two cognition tests (range 0-8) based on previous work by McArdle, Fisher and Kadlec [48] and by Lei and colleagues. [49] 
Data analysis
Descriptive statistics used to characterise the sample were stratified by gender. For the multivariate analysis disability is treated as a polychotomous outcome. [50, 51] Following previous work that uses ordinal logistic regression to evaluate health outcomes, [52] [53] [54] we estimated the two-year progression of disability using this approach.
We computed three ordinal logistic regression models to assess the association of the 2001 (baseline) covariates with the 2003 level of disability. Model 1 includes the levels of disability at baseline which will indicate the starting point of the progression of disability. Model 2 introduces the sociodemographic variables such as age, gender, education, insurance coverage, location size, income, marital status and social support. Finally, Model 3 adds the health-related variables such as self-rated health, CES-D score and the average combined verbal recall score.
It is worth noting that several statistical approaches (not shown) were considered to validate the use of an ordinal logistic regression stratified by gender. First, possible confounding issues between the dependent variable and the covariates led us to perform ordinal logistic regressions that had gender as a dichotomous variable and that had gender interacting with disability at baseline. Second, we considered a multinomial logistic regression using 'no disability' as our reference group but the progression of the disablement process is not properly characterised with this option. Finally, we performed an ordinal logistic regression excluding one IADL item at a time and another grouping the IADL components into two groups (shopping and preparing meals in one and handling money and taking medications in the other) to establish if gender roles might be influencing our results. In all cases, the results were not significantly different that the ones we present here. Table 1 presents descriptive characteristics of the respondents aged 65 or older at baseline by gender. Almost 40% of the women included in the analysis did not receive any education compared to almost 36% of the men. Similarly, around 39% of the men and 35% of the women reported having between 1 and 5 years of education.
Results
Further, women aged 65 or older reported far more zero or negative monthly income at baseline (27.9%) compared to men (19.2%). In contrast, women reported slightly more insurance coverage than men (59.1% vs. 56.3%). Finally, women reported worst self-rated health with 22.1% and higher CES-D score with 4.4 but they also had an average combined verbal recall score 0.3 points higher than men.
The distribution of the baseline cases by level of disability or death at follow-up shows that 44% of the sample remained in the same level of disability. The remaining 56% of the sample shifted between having limitations at baseline to improving at follow-up (27%), from having no disability at baseline to experiencing a limitation or dying at follow-up (30%), or from having some limitation at baseline to having another type of limitation or dying at follow-up (43%). Table 2 presents the distribution of cases according to the stage of disability at baseline and then at the 2-year follow-up by gender. Forty-seven percent of the males and 39% of the females remained in the same level of disability between waves 1 and 2. Out of the 1014 males who reported no disability in 2001, 61% remained fully able 2 years later. For women, 48% of the 779 who reported no disability at baseline remained without any disability at follow-up. Of those who died in 2003, almost one-third of both males and females had disabilities in mobility, ADLs and IADLs at baseline. Table 2 also presents the progression of disability for men and women. For men, only 17.8% (3.4% + 5.6% + 8.8%) of those who reported being dependent in mobility and IADL at baseline either remained at the same level of disability or became dependent in mobility and ADL or in all three. In contrast, 33.4% (8.5% + 17.9% + 7.0%) of those who reported being dependent in mobility and ADL at baseline either remained at the same level of disability or became dependent in mobility and IADL or in all three in 2003. For women, the parallel figures are 35.6% and 33.2%, respectively. Thus, from either starting point with ADL or IADL disability, we find that the state is not fixed and the direction of progression is not always in the same direction. Table 3 presents an ordinal logistic regression for covariates of the progression of disability at follow-up, stratified by gender. Model 1 introduces baseline disability with dichotomous variables of the different levels of disability. Evidence of a different progression of disability for females (compared to males) can be seen in the reported odds ratios for being dependent in mobility and IADL (7.81) and being dependent in mobility and ADL (4.47). These results differ for men, thus only the progression of disability for men aligns with previous models suggested by Jette and Branch, [19] and Harris and colleagues. [18] Model 2 introduces the sociodemographic and economic variables (age, location size, social support, education, income and insurance). In general, old age (75+) seems to have a bigger impact for both genders than for those aged 65-69, in other words, the older the respondent, the higher s/he will be in the progression of disability. Higher education (7 or more years of education) is associated with a lower level of disablement for females, while living in a semi-urban area (between 15 000 and 99 999 inhabitants) represents a slight benefit for males. The effects of income and being insured are not significant.
Model 3 introduces health-related variables including poor self-rated health, CES-D score and the combined verbal recall score. Receiving help from neighbours and/ or children (social support) is significantly associated with a higher level of disability in the progression of disability for females but not for males. The effects of living in a semi-urban environment remain with an odds ratio of 0.72 for men and the effects of old age also remain with an odds ratio of 1.89 for men and 1.99 for women. All three health-related variables are also statistically significant, with depressive symptoms (odds ratio of 1.07 for men and 1.09 for women) and poor self-rated health (odds ratio of 1.54 for men and 1.64 for women) being linked to a higher level of disability in the progression. Higher average combined verbal recall scores suggest the opposite effect (odds ratio of 0.91 for men and 0.93 for women). The effects of income and health insurance continue to be not statistically significant. Finally, the effect of education is eliminated in this model.
From Table 3 , it is clear that the order of the categories in the progression of disability for men aligns with models commonly found in developed countries. In contrast, for women, the middle categories of the progression (limitations in both mobility and IADL and limitations in both mobility and ADL) are reversed. Thus the reverse pattern for men and women obtained in model 1 still remains in models 2 and 3, after all controls are included. It is worth noting that these differences were tested using the 'seemingly unrelated estimation' (suest) command and the Hausman test in Stata (not shown). After performing these analyses, there is evidence that the coefficients for men and women are significantly different.
To illustrate the disablement process graphically, Figures 1 and 2 Similarly, once the respondent has reached the point of having all three disabilities, a man has a 41.7% chance of dying at follow-up while a woman has a 22.9% chance of dying, consistent with previous literature indicating that females are more likely to become more disabled than males but live longer. [58] [59] [60] 
Discussion and conclusions
We used ordinal logistic regression to examine the progression of disability in a sample of older Mexican adults stratified by gender. Several relevant points emerge from the analyses.
First, our results suggest that the progression of disability in Mexico might differ when compared to the progression of disability previously estimated for developed countries. Second, the progression of disability reflects the importance of IADLs and ADLs in the disablement process for older adults in Mexico. Previous research for developed countries has merged ADLs with IADLs,[e.g. 39,40] but our results suggest the need to treat them separately.
Third, our results show that for men, the transition between disablement at baseline and at follow-up is consistent with the progression of disability observed in developed countries such that the status of no impairments is followed by mobility impairments, which is followed by IADL impairments, and then ADL impairments. For women, the transition between disablement at baseline and at follow-up begins with a status of no impairments, followed by mobility impairments, followed by ADL impairments, and then IADL impairments. This suggests that the progression of disability previously reported by others, [5, 21, 22, 61] may not align with populations of developing countries such as Mexico. Gender differences in limitations in IADLs show that men report greater complications with household-IADLs like housekeeping, cooking and laundry while women have more difficulties handling money and managing medications. [62] In developed countries the prevalence of IADL disability has been decreasing over the past decade. [63] In Mexico, the population is arriving at old age with a different risk profile determined by their life cycle exposures. Further, cultural and gender interactions in a male-dominated society like Mexico might be affecting the way social networks deal with those who need help to perform IADLs or ADLs thus resulting in heterogeneous outcomes for the disablement processes of men and women. [64] However, variables like health insurance and monthly income were not associated with the progression of disability. In the case of health insurance this might be due to variations in prices, quality of care, out-of-pocket expenditures, and sociodemographic characteristics of the insured that tend to vary dramatically across the Mexican population.
[65] In the case of income, inequalities among Mexicans have been a constant since the late 1970s and the differences between urban and rural areas continue to affect economic development in the country, [66] therefore the effects, if any, of income on the progression of disability might be muddled by the inclusion of other socioeconomic variables like social support and location size.
Another important contribution of our study in conjunction with the partitioning of IADLs and ADLs is the inclusion of mortality as an outcome. As stated in earlier work on the disablement process, to gain a rich understanding of disablement and the factors associated with it, studies need to extend beyond disability as the final stage of the process. [25] Although we included death as an outcome, our findings present two possibly differing progressions for disablement. First, for older adults the presence of all three disability classifications increases the likelihood of death (Figures 1 and 2 ). In terms of gender, men had higher predicted probability of death than women. This result confirms national data on gender differences, whereas women live longer on average. A second possibility, and a much needed area of future research, is that approximately 21% of the sample (data not shown) improved from 2001 to 2003 suggesting that the disability state is not absorbent and is reversible, making it worthy of future exploration.
Additional future research is also needed to confirm these findings and to further examine the disablement model in developing countries. With the inclusion of a new wave of information in the MHAS in 2012, transitions from baseline to an 11-year follow-up will allow for more in-depth analyses of disablement in Mexico and could provide further evidence of the different progressions for males and females. The new data will also provide the opportunity to include updated measures of mobility (e.g., upper extremity function) and evaluate how new dimensions of mobility fit in the dynamics of disability.
